Homogenates of brains from mice clinically affected with scrapie have been fractionated by differential centrifugation and equilibration in sucrose density gradients. Most of the infectivity was found in the heavy particulate fraction containing mitochondria and possibly lysosomes.
INTRODUCTION
Scrapie is a chronic, progressive, degenerative disease of the central nervous system occurring naturally in sheep, and possibly in goats, and almost invariably terminating fatally. It can be transmitted from sheep to goats, and most of the experimental work carried out on the disease over the last 30 years has made use of these two large domestic animals (see reviews by Gordon, 1957, and Stamp, 1962) . Recently a form of encephalopathy (termed mouse scrapie throughout this paper) has been produced in mice by inoculating them with brain material from scrapie-affected goats (Chandler, 1961 ), and it is now possible to make quantitative studies of the disease (Hunter, Millson & Chandler, 1963) by carrying out titrations in large numbers of animals. Chandler's (1961) Zlotnik & Rennie, 1963) . Two groups of workers have further shown that it is possible to transmit the disease directly to mice from sheep (Morris & Gajdusek, 1963; Zlotnik & Rennie, 1963) .
Although the scrapie agent has been characterized for some time as a filterpassing agent, a fact confirmed recently in the case of mouse scrapie  Eklund et al. 1963), its exceptional resistance to chemical and physical agents has aroused much speculation as to its precise nature. Our earlier results ; Hunter, 1963) demonstrated the association of the agent of mouse scrapie with cytoplasmic particles. More refined methods of fractionation have now been applied to homogenates of brain from scrapie-affected mice and the bulk of the infectivity has been found to reside in the purified mitochondria1 fraction of the cell. This fractionation may also be rich in lysosomes. Some of these results have been reported previously in a preliminary form (Hunter & Millson, 1963 Cellular fractionation of mouse-scrapie brain. Four scrapie-a ffected mice were decapitated, their brains removed immediately and homogenized in a Potter-type homogenizer in 0-25~-sucrose (10.8 ml.) containing 5 mM-CaC1,. A portion of the homogenate (0.5 ml.) was set aside and used for the preparation of the saline dilutions of control material. The remaining material (R) was maintained between 0"
and 4' in all subsequent manipulations.
One half of the remaining material (R) was transferred to a 3 x 1 in. lusteroid tube containing 0.88 M-sucrose (10 ml.) covered with a separate layer of 0.32 M-sucrose (6 ml.). After centrifugation at 53,5008 in a Spinco Model L SW. 25 rotor for 1 hr the tube was placed in a dry ice-acetone mixture and the rapidly frozen 'top layer' sawn off with a small hack-saw. This fraction was allowed to thaw slowly in a small beaker, and the whole process repeated before saline dilutions were prepared from it for titration. As the material tended to adhere to the surface of glassware, saline dilutions for titration were prepared by using as far as was conveniently possible the whole of the material, and a pipette (10 ml.) was used only when the volume to be handled exceeded 11.
The other half of the homogenate (R) was carefully pipetted on to the surface of 0*88~-sucrose (15 ml.) and centrifuged as above. The clear supernatant layer (soluble fraction S) was removed, transferred to a sterile tube and left a t 2 O until required. The myelin layer (M) a t the interface between the 0-88 and 0.25~-sucrose layers was removed as completely as possible and also transferred to a sterile tube a t 2". The bulk of the 0.88 M -S U C~O S~ solution (88 S) was now removed with minimal contamination with particulate matter, leaving a deposit containing nuclei, cell debris, mitochondria, etc. Distilled water (5.25 ml.) and 0-32 sucrose (3 ml.) were added to this deposit which was then gently rehomogenized before adding to 2~-sucrose (1 ml.) in a 3 x 1 in. lusteroid tube. The homogenizer was rinsed with 0.32 Msucrose (5 ml.) and the tube then centrifuged a t 100Og for 10 min. The supernatant solution (NS 1) was removed carefully and the sedimented nuclear fraction resuspended in water (5-25 ml.) and O.32~-sucrose (3 d.) and treated as before. After centrifuging the supernatant solution (NS 2) was combined with the previously obtained solution (NS 1). The nuclear deposit was resuspended in water (5.25 ml.) and spread carefully on the surface of 0-88~-sucrose (15 ml.) in a 3 x 1 in. lusteroid tube. The nuclear fraction was collected after centrifuging a t 17,OOOg for 55 min. to remove most of the residual myelin. Dilutions in saline were prepared for titration in the usual way ) after a final sedimentation of the nuclei from 0*32~-sucrose at 100Og for 10 min.
The combined supernatant solutions (NS 1 and NS 2) removed from above the nuclear sediments were centrifuged at 17,OOOg for 55 min. and the supernatant solution now obtained (MS) retained at 2' for the preparation of microsomal fractions. The deposit was resuspended in 0.32 M -S U C~O S~ and lightly homogenized before layering on to a discontinuous sucrose gradient constructed from 1.5 M-sucrose (0.5 ml.), l.2~-sucrose (10 ml.) and 0.88M-sucrose (10 ml.). After centrifuging at 53,500g for 2 hr in a Spinco SW. 25 rotor, mitochondria were removed carefully from the 14-14 M-sucrose interface, and nerve-ending particles from the 1.2-0 . 8 8~ interface. The process was repeated on the separated fractions in order to effect further purification and they were finally sedimented into firm pellets (105,OOOg for 1 hr) from 0-32~-sucrose preparatory to the making of saline dilutions for titration as above.
The myelin fraction (M) obtained as above was layered on to the surface of 0.88 Msucrose (20 ml.) and centrifuged a t 53,500g in a Spinco SW. 25 rotor for 2 hr. The myelin from the interface was collected in the minimum volume of liquid (approx. 2 ml.) and the suspension diluted with 0.32~-sucrose (10 ml.). It was finally resedimented at 105,OOOg for 1 hr. Dilutions in saline for titration were prepared as above. The clear supernatant layer (S) obtained from the first centrifugal run was recentrifuged at 105,OOOg for 90 min. before freezing rapidly in acetone-solid CO,. The frozen upper and lower portions of the solution were removed with a hack-saw, and the central portion (soluble fraction or cell sap) collected and thawed out before preparing saline dilutions for titration in the usual way. In this instance, all dilutions from lo4 downwards were prepared directly from the sucrose solution isolated as above, but the 1 0 -2 dilution was dialysed against saline before inoculating the mice as the sucrose concentration was rather high for intracerebral injection.
For the preparation of the microsomal fractions, the original 0.88 M-SUCrOSe solution (88 S) obtained above was first diluted to 0.32 M-sucrose and centrifuged at 10,OOOg for 10 min. The supernatant solution was combined with mitochondria1 supernatant solution (MS) and centrifuged at 105,OOOg for 90min. The supernatant solution was decanted and the microsomal pellet resuspended in 0 . 3 2~-sucrose (1 ml.) and lightly rehomogenized. It was then layered on to a discontinuous sucrose gradient made up from 1*6~-sucrose (1 ml.), 1*2~-sucrose (1 ml.) and 1 . 0~-sucrose (1 ml.). After centrifuging at 125,0008 for 1 hr in a Spinco SW. 39 rotor three fractions were collected : (1) a ' debris ' fraction, partly myelin, resting on the 0*32-1*0~ interface; (2) microsomes 1 a t the l@-l.2~-sucrose interface; and (3) microsomes 2 at the 1*2-1-6~-sucrose interface. The fractions were carefully removed, diluted to approximately 0.32 M-sucrose and sedimented at 105,OOOg for 90 min. Saline dilutions of each fraction were prepared for titration in the usual way. In every case, allowance was made for operational losses before preparing the dilutions.
The whole procedure adopted for the cellular fractionation is summarized in Scheme 1.
Electron microscopy Samples of control and infected mitochondria and of infected microsomes were prepared as described above and were fixed in buffered osmium tetroxide solution (Palade, 1952) for 45 min. The material was then centrifuged into pellets, dehydrated in a conventional ethyl alcohol series followed by propylene oxide and embedded in British Ciba Araldite. Sections were cut at about 60 mp on a Huxley ultramicrotome and examined in a Siemens Elmiskop I electron microscope. Micrographs were made at plate magnifications of around 20,000 using the double condenser system at 60 kV. 
RESULTS

Structure of cellular fractions
The composition of the various cellular fractions was checked by electron microscopy. An electron micrograph of myelin prepared as described here has been shown previously (Hunter et a,?. 1963) . Plate 1, figs. 1 and 2, show that the microsome fractions obtained here are fairly typical, and that only the microsome fraction 2 seems to contain appreciable numbers of free ribosomes. Figure 3 shows the mitochondrial fraction, which in addition to large numbers of mitochondria also contains other bodies of comparable size, possibly lysosomes. No particles resembling a large virus have been seen in any of the sections examined so far. Figure 4 shows a normal mouse brain mitochondria1 preparation.
The only unusual feature arising from the cellular fractionation of the scrapie material is the appearance of a thin 'top layer ' that floats on the top of the original homogenate after high-speed centrifugation. Electron microscopy showed that this fraction, which constituted only a very small proportion of the original homo-genate, consisted largely of myelin fragments and large osmiophilic granules that were almost certainly globules of fat.
Potencies of the various cellular fractions
The only material to approach the infected whole homogenate in potency was the mitochondrial fraction (Tables 1 and 2 ). In view of the large numbers of mice required, several of the fractions were assayed using a limited titration only (Hunter et al. 1963) , and it is gratifying to see (Table 2) that the calculated infectivity of the mitochondrial fraction is practically the same using either method of assay. The myelin, nuclei and nerve ending particles also contained some scrapie agent, and the microsome fractions possibly slightly less. However, the ' top layer' and soluble fractions of the cell had very low infectivity. Table 1 The data refer to the same experiment as that described in The method of cellular fractionation used here is based to some extent on that used by Gray & Whittaker (1962) who were mainly concerned with the preparation of nerve-ending particles from guinea-pig brain. The only unusual feature, the obtaining of a ' top layer ' when centrifuging scrapie homogenates, does not appear to be of any fundamental importance. The 'top layer' contains very little of the infective agent and probably consists of myelin fragments and cytoplasmic fat globules arising from degenerate cells. Otherwise the electron micrographs show that all the fractions examined closely resembled those obtainable from normal brain homogenates. The mitochondrial fraction contained a number of bodies that could possibly be lysosomes.
The high infectivity found in the mitochondrial fraction, incidentally representing a five-to tenfold concentration of the agent, would a t first sight suggest that the scrapie agent is a large particle with a size and density somewhat similar to that of brain mitochondria. The finding of a considerable scrapie potency in the fractions most similar in size and density to the mitochondria (i.e. nuclei and nerve ending particles) would be consistent with this suggestion, and these two fractions would contain some contaminating mitochondria. However, we have been unable to find any object resembling a large virus in any of the electron micrographs, and it is also somewhat surprising to find an appreciable, if low, titre in the soluble fraction if a large virus is concerned.
A second possibility may be that the agent is a small or medium-sized virus which is for some reason specifically adsorbed to mitochondria or lysosomes, or, perhaps, multiplies within these larger organelles. If the lysosomes were the organelles concerned, the lytic action of scrapie upon brain cells would be readily understandable. Eklund et al. (1963) consider that the scrapie agent is a medium-sized virus largely on the basis of filtration evidence. It is not clear, however, what proportion of the infectivity actually passed through a 100mp filter. The filtered material in their hands was no longer resistant to boiling and it seems possible that their filter removed all the mitochondrial-bound agent. In either case, an experimental attack involving disruption of the large mitochondrial organelles by physical and chemical agents should provide valuable information. Transfer of the bulk of the residual infectivity to the microsomal fractions would then indicate the presence of a small mitochondrial-or lysosomalbound agent. On the other hand, if the bulk of the residual infectivity could be transferred to the soluble fraction of the cell, it would appear that scrapie involves a derangement in protein metabolism, the presence of a colicin-type factor, or the introduction of a toxic protein capable of stimulating its own reproduction.
Myelin, nuclear and mitochondrial fractions obtained here retained higher absolute potencies than the corresponding fractions prepared previously from scrapie brain ) by a rather less elaborate density gradient procedure. The scrapie agent appears to be stable in strong solutions of sucrose (Hunter & Millson, 1963) , but it is clear that in certain circumstances, at present not precisely understood, cellular fractionation can lead to a loss of scrapie infectivity. 
